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Table D.11-2. A comparison of blue crab catches based on number, carapace
width, weight and sex of crabs, and the number of pots
fished at three stztions near the Calvert Cliffs Nuclear Power
Plant in Chesapeake Bay during 1979 (from Ref. 164).

Kerwood Plant Rocky Grand
Beach Site Point Total = Mean
Total number.of crabs 2,011 1,778 1,952 5,741
Number of pots fished 191 295 293 879
Crabs per pot 6.91 6.03 | 6.66 6.53
Fercent at each station 35.3 30.8 34.0 100.1
Total weight (kg} 305 258 301 864
Wweight per crab (g) 152 145 154 150
legal-size crabs (127 mn) 1,516 1,296 1,528 4,450
Mon legal (<127 mm) 395 482 414 1,291
Percent legal-size crabs 80.4 72.9 78.8 77.5
Legal-size crabs per pot 5.55 4.39 5.25 5.06
Mean width (mm) 144 139 143 - 142
Namber of males ) 957 1,002 1,075 3,034
Number of females 1,054 776 877 2,707
Percent males 47.6 56.4 55.1 52.8
D-97
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APPENDIX D.12. - SUBMERGED SUBSTRATE STUDIES, CHESAPEAKE
BAY-CALVERT CLIFFS, MARYLAND

(G.R. Abbe, ANSP)

Objective

To describe epibenthic and fouling communities in the vicinity
of the plant site and to determine types and quantities of organ-
isms found on artificial substrates at variocus depths.

Data Sources

Refs . 18"21 .

Study History

Study done from 1968 to present, but data available for this
report cover only 1968-1973.

Sampling Methods

e TFrom 1970 through 1973, substrate panels were suspended at Ken—
wood Beach, the plant site, Rocky Point, and Cove Point (KB, PS,
RP, and CP). (During 1968 and 1969, limited sampling was done from
a single floating station at the plant site.)}

e At each sampling depth (surface, 15 ft, and 30 ft), two wooden
panels were attached to a Plexiglass strip.

. One panel was replaced monthly, and the other, quarterly. Each
panel replaced was preserved in formalin and examined in the
laboratory.

Analysis

] Species were counted and identified, and their dry weights and
ash-free dry weights were recorded in the laboratory.

e Analysis-of-variance tests were done to test for differences
among stations.

Results

] Analysis of variance showed no significant differences in biomass
production from one station to another for a given depth or
between depths at the same station (1972-1973).
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¢ The number of species taken per station showed little variation
in 1972~-1973 but was lower than in previous years.

° The three major biomass producers collected throughout the
study period were Bimeria franciscana, Balanus improvisus, and
Victorella pavida.

D.12.7. Significance and Critique of Findings

Findings cannot be related to plant effects without operatiomal
data being available.
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APPENDIX E.l1. - ICETHYOPLANKTON ENTRAINMENT

(W.W. Wakefield, D. Cohen, and W. Yates, ANSP)

Objective

To estimate plant-induced mortality on entrained ichthyoplank-
ton and macroplankton.

Data Source

Ref. 40.

Study History

One-year study.

Sampling Methods

Two 0.5-m, 202-um-mesh rets with 5-gallon carboys as collecting
cups were used in the intake embayment and in the discharge plume for
6-minute samples every 4~hours over a 24-hour period in June 1975.
Larvae captured were placed in an observation table to determine
mortality.

Analysis

Organisms were identified to the species level and counted, and
the mortality level was determined.

Results

® The species collected, in order of decreasing abundance, were:
Gobiosoma boscl (naked goby), Gobiesox strumosus {skilletfish),
Membras martinica (rough silverside), Anchoa mitchilli (bay
anchovy), Syngnathus fuscus {(northern pipefish), and Leiostomus
xanthurus (spot).

o Too few organisms were collected at the intake to allow esti-
mation of latent mortality, but very high survival of organisms
collected at the discharge was observed. At the begionning of
the holding periods, for all species and samples combined, 82%
were alive and properly oriented, 1% were disoriented (had
trouble maintaining their equilibrium), and 177 were dead. At
the end of the four hours, the corresponding figures were 79%,
2%, and 19%.
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Temperature data suggested that entrained water was diluted
approximately 58% by the time it reached the discharge sampling
station.

E.1.7. Significance and Critique of Findings

The low numbers of organisms captured and the fact that dis-
charge samples were diluted by ambient waters makes the reli-
ability of results questionable.

Because of difficulties with the sampling gear, this study was
not repeated.
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APPENDIX E.2. — ICHTHYOPLANKTON ENTRAINMENT STUDY

{EAT)

Objectives

To determine the species composition, abundance, and seasonal

occurrence of ichthyoplankton and macroplankton exposed to entrain-
ment and the magnitude of entraimment mortality.

Data Sources

Refs. 139, 166.

Study History

Work was conducted from April 1978 through July 1979.

Sampling Methods

Six pumped samples (collected by a pump with a capacity of

1 m3/min) were taken at the intake and discharge monthly in
April 1978 and from October 1978 through March 1979; and were
taken weekly from May through September 1978 and from April

through July 1979.

Three samples were taken during the day and three at night on
each date.

Individual intake samples were taken from three depths simul-

®
taneously.

® Pumped water was filterad on a larval table to minimize mechan—
ical abrasion of sampled organisms; samples were preserved in
10% formalin.

o Organisms captured were identified to the species level, where
possible, and counted.

Analysis

° A three-way ANOVA was run on data collected through March 1978
to test for intake-discharge, day-night, and seasonal (date) dif-
ferences on log-transformed data.

° Analyses were run on tha four major ichthyoplankton groups and

five major macroplankton groups.
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E.2.6. Results

® For ichthyoplankton through March 1979, four groups dominated the
total catch: hogchoker eggs (71%), bay anchovy eggs (21%), naked
goby larvae (3%), and bay anchovy larvae (2%) (Table E.2-1).

. For macroplankton, the mysid, Neomysis americana, and zoea of the
mud crab, Rhithropanopeus harrisii, were the dominant forms through
March 1979 (Table E.2-2).

. Ichthyoplankton were most abundant during the period when waters
were warm (May-September); macroplankton were not as concentrated

during summer and were abundant year-round.

. The only statistically significant intake-discharge (station)

differences found were higher densities of bay anchovy larvae,
naked goby larvae, and polychaetes at the discharge (Table E.2-3).

] Two peaks in bivalve spawning were observed in early September
and the end of October. Late juveniles of Mya arenaria were
not collected in large numbers.

(] Abundances and patterns of seasonal occurrence of species found
. from April to July 1979 were similar to those observed in 1978

(Table E.2-4).

] Preliminary entrainment mortality data from 1979 are presented
in Table E.2-5. Apparent survival rates tend to be high.

E.2.7. Significance and Critique of Findings

The higher abundances of ichthyoplankton in discharge samples
suggest that sampling problems masked any entraimment effects, as
was the case in zooplankton entrainment studies (see Appendix C.4).
This sampling problem also raises questions about the validity of the
mortality data. Thus, although this study provides a very detailed
picture of seasonal patterns of ichthyoplankton and macroplankton
abundance, it provides only preliminary data on the extent of entrain-
ment losses. The data suggest that entraimment mortality is well
under 100%.
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Table E.2-1. Mean density (no./100 m3), percent composition, and cunulative
percent for ichthyoplankton collected in entrainment samples
at CCNPP, April 1978-March 1979 (from Ref, 139).

SPP. HNAME NUMEBER pd cuML.
NOGCNOVER LGG 197.422 71.037 71.037
BAY ANCEOVY EGG 59.539 21.423 92,461
LAKED GOBY POST L 2.605 3.096 95.5357
BRAY ANCHOVY POST L 6.307 2.26¢ 97.826
SPOT J 0.817 0.254 9g8.12¢
UINTER FLOUNDEP EGG 0.677 0.244 98.364
UNIDEKTIFIED BLENNY PRO 0.556 0.200 98.564
PAY ANCHOVY J C.545 0.196 98.760
UNID FISE EGC 0.465 0.167 98.922
UNIDENTIFIED BLENHY POST 0.460 0.1865 99,093
AMERICAN EEL J 0.386 0,139 99.232
ATLANTIC SILVERSIDE EGG 0.250 0.090 99,322
ATLANTIC SILVERSIDE POST 6.192 C.069 99.391
PAY ANCHOVY PRO L 0.170 0.061 59,452
ATLANTIC SILVERSIDE J 0.140 0.050 99.502
RQUGH SILVERSIDE EGG 0.129 0.046 99,548
NORTHERY PIPEFISH J 0.126 0.045 99,564
ATLANTIC SILVERSIDE 2RO 0.121 0,043 99,637
ATLANTIC MENHADER J 0.1156 0,042 99.679
MAKED GOBY A 0.116 0.042 99,729
INSHORE LIZARDFISH J 0.111 0.040 99,760
SILILLETFISH POST L 0.067 0.024 99,7§&5
BAY ANCHOVY A 0.n63 0.023 99,807
UINTER FLOUNDER POST L 0.056 0.620 99,828
ATLANTIC CROAKER J 0.053 0.019 99,847
ATLANTIC CROAKER POST L 0.049 0.017 49,864
WINTEP FLOUNWDER J 0.043 G.016 $9.880
JORTHERN PIPEFISH POST L 0.043 G.015 99,845
ATLANTIC MEWHADEK POST L 0.034 0.012 99,507
BOGCHOKER PRO L C.C29 0.011 26,912
SELILLETFISHE PRO L 0.023 0.010 $9.62¢
FEATYER BLENNY J C.024 0.009 - yoe,937
STRIPED BENHKY POST L 0.024 0.0C9 §6.945
tnib FISH PGST L 0.024 0.009 99.634
ATLADITIC SILVERSIDE J 0.624 0.0C9 59,962
SAKED GOBY J c.023 G.0CS 99.971
STRIPED BLENKY J 0.018 0.0C6 29,677
UINDOWPANE POST L 0.019 0.CC4 99,681
YOGCHOYEZIR POST L 0.010 C.0C4 69,534
YAYED COBY PRO L 0.010 $.003 96,688
INSHORE LIZARDFISE POST 0.005 ¢.CG2 99,58%
TINDEUVATER SILVERSIDE POS 0.CC5 0.002 990,991
SPOT A 0.005 ~ 0.002 59.593
STRIPED RLEITNTY A 2.005 @ D.0C2 69,695
FOCCHOKER A 0.0C5 0.CC2 89,967
UMIDENTIFIED TISH J 0.005 0.0C2 99,002
OYSTER TCADTISH J G.0C5 0.002 190,000
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Table E.2-2. Mean density (no./100 m3), percent composition, and cumilative
percent for macrozooplankton collected in entrainment samples .
at CCNPP, April 1978-March 1979 (from Ref, 139).
SPP. NAUE YUMIER s curr.
SEOMYSIS AMERICAKA 658.149  29.359 29.259 .
R JAPRISSII 2 257,831 11.501 4G. 260
POLYDORA IMM 219,191 9.778 50.638
XANTHIDAE 2 145,415 6.487 57.124
PELECYPODA 126,567 $.575 62,699 .
SEREIS SUCCIKEA IMM 109,541 L. 8856 67.585
COROPHIDM 103.213 4,504 72.189
“ONOCULODES EDWARDSI 96.668 L.321 76,510
SCOLECOLEZPIDES VIRIDIS 92.739 4,137 20.547
PALAEMONETES 2 84.860 3.785 84.433
NEMATODA 76.322 3.405 87.£37
SCOLEICOLEPIDES IMXM 50.148 2.237 90.0G74
NEREIS (NEANTHES) SUCCIN 47.431 2,118 92.190
NUDIBRANCHIA 20.684 c.923 93.113
CIRRIPEDIA CYPRIS 15.867 0.708 93.520
ACTINIARIA 15.587 0.695 944515
“YSIDOPSIS SIGELOWI 15,285 0.286 95.202
GAMIMARUS MUCROUAIUS 11,433 0.510 95.712 .
MACOMA- {ITCHELLI 8.746 0,390 96.102
MELITA NITIDA 7.717 0.344 96.446
POLYDORA LIGNMI 7.571 0.338 96.764
0STRACODA 7.544 0.337 97.121 l
CIRRIPEDIA JOV 6.538 0.292 97.412
CAMMARDS 6.436 0.287 97.699
CMIDARIA (MELDUSAE) 5.291 0.236 97.935
LEPTOCREIRUS PLUMULOSUS 4,384 0.196 98.131
TURBELLARIA 3.974 0.177 98.308
HIRUDINEA 3. 702 0.165 $8.473
ARGULUS 3.518 0.157 98.630
CIRRIPEDIA NAUPLIT 3. 350 0.149 98.780
CIRRIPEDIA A : 2.943 0.131 98.°11 l
MYSIDACEA JUV 2.133 0.095 29.006
CYMOTHOIDAE JUV 2.101 0.094 99.100
SAGITTA 2.099 0.094 99.193 :
EDOTZA TRILOBA 1.901 0.c85 99.278 l
STYLOCHUS ELLIPTICES 1.592 c.071 99.349
MACOMA BALTHICA 1.549 0.069 99.418
PARAPRIONOSPIO PINMATA 1 1.517 0.068 99.4a6
ETEONE HETEIROPODA 1.352 0.060 99,546 .
CRANGON SEPTEUSPIMOSA 2 1.089 0.049 9%.595
CALLINECTES SAPIDUS JUV 0.869 0.039 99.634
CRANCOY SEPTEMSPINOSA 2.209 5.036 99.670
GANMARIDEA 0.754 0.034 99,703
BYDROZOA (POLYP) 0.602 0.927 ¥9.730
PALACMONETES PUCIO 0.592 3.G26 99,757
WEMERTTIA 0.44% 0.620 $9,77
ASPTALTIA U p.ad0 0.9019 99,795
DIPTEIRA L 0.381 0.017 99,512 .
PALAEMONETZIS c.277 n.017 99,329
POLYDORA 0.271 2.012 99, &4}
HAUSTORIIDAZ 0.269 J3.712 $9.853
POLYCHAETA IMM 0.255 0.511 99,863 .
STREZLOSPIO BEMEDICTI 0.211 0.009 50,874
PALAEMONETES VULCARIS 06 2.00¢ 99,283
¢ UETEROPODA TN 0.198 0.009 §9.302
CALLINECTES SAPIDUS NEG G.197 3.009 99,901 .
HETZROMASTUS FILITORMIS 0.192 G.nce ¥9.9C9
£YCLASPI3 VARIEMS c.177 0:G08 39,517
N
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Table E.2-2. Continued,

SPP. NALL

OLIGOCHAETA

POLYCHAETA

PARASITIC COPEPODA

MYA ARENARIA
PARAPLEUSTES AESTUARIUS
LI1ULUS POLYPHEMUS L
SPIONIDAE IMM
POLYPSEMIDAE

LZIUCON AHMERICANUS
SESARMA M

REPTALTIA 2
CHIRONOMIDAE L

AMPITHOE VALIDA
PARAHESIONE LUTTOLA
SCOLOPLOS

LEPTOCHELIA

GEURENSTIA DIMISSA
HOLGULA

STREBLOSPIO BENEDICTI IM

. AMPELISCA ABDITA

AMYGDALDYM PAPYRIUM

PARAPRIONOSPIO PINUATA

DIPTERA P

SCOLOPLOS IMM

CYIDARIA (22LYP)

ACANTHOCEPYHALA

SPIOHIDAE

poDON

LEPIDOPTERA L

BRYOZOA

ISCRADITUM RECURVUM

OGLEICTIRA PRAZCUSTATOR

EVADIE

MATANTIA 2

28YPANIOLA GRAYI I¥MM

GEMMA GEMMM

MULINEA LATERALIS

ARACENIDA

ST:NOTHOIDLE
ARAUETOPELLA

?ARACAPRELLA TENVUIS

REPTAXTIA UV

PALAEMQUETES IX

PINEIXA CYLIUDE

ica I

SAZZILARIA VULGARIS

GUEDIVS

.
T
I

-'ll"l

e
CA

HUIMBER

0.172
g.162
d.145
0.14C
0.132
0.081
0.077
0.272
0.072
0.070
.06
¢.0S53
0.057
C.055
0.048
0.042
0.038
0.038
0.038
0.929
¢.020
0.019
0.019
0.019
Q.015
0.014
g.014
0.Cl4
0.014
¢.G13
0.010
0.510
2.010
0.010
0.0205
0.0085
0.C05
0.005
G. 005
2.005
0.005
¢.00%
0.003
0.C05
Q. G605
c.n04

-
-~

V. 008
Qg.008
0.006
0.0086
0.006
C.004
0.0203
J.003
0.002
0.G03
0,003
0.003
0.003
Q.002
0.002
0.002
g.002
0.002
f.002
g.001
0.001
0.001
0.001
Q0.001
0.001
0.001
0.001
0.7201
0.001
¢.001
0.000
3.000
G.000
0.000
0.000
0.000
0.00¢C
Q.000
9.1000
G.0C0
d.90C
G.000
0.C00
2.0080
0.200
G.900

cuHU. 2

99.923
99.%32
99.939
99.9435
99.951
99.955
99,958
99.961
99.965
99.968
59.%70
99.972
%9.5%76
$9.978
29,580
99.%62
284
99.9853
99.987
99.988
99.9289
2990
99.991
99.292
99.991
99.993
99.994
99.9%4
99.3%95
39.¢9
99.596
8,237
99,947
59.997
99.298
99.99
99.99¢€
J -998
99
-.-.99
29.999
99,099
29.:9¢
120.9¢CC
100.9C0
1090.500
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Martin Marietta Environmental Center

APPENDIX E.3. - ICHTHYOPLANKTON AND MACROPLANKTON

( ANSP)

Objective

To assess alterations in densities and distributions of near-

field ichthyoplankton and invertebrate macroplankton populations,
which may have resulted from the operation of the plant.

Data Sources

Section 12.3 in Refs. 1, 2; Section 10.3 1n Ref. 164; and

Refs. 31, 39-42.

Study History

1978.

Two study periods, one in 1973 and another from 1975 through

Sampling Methods

. From April to November 1973, weekly tows collected surface and
bottom samples from eight stations in the plant vicinity (Ref. 31).

. From 1975 through 1979, monthly macroplankton and weekly ichthyo-
plankton samples (in summer spawning period) were collected at
various stations at or near the plant, as shown in Table E.3-1.
These samples were collected simultaneously from surface, middle
(5-m), and bottom (10-m) waters using 0.5-m, 202-Um-mesh nets.
Three replicate tows were taken at each depth at each station.

® Samples were fixed and returned to the laboratory for identification
and counting. :

Analysis

(] The 1973 data were used to estimate densities and species abundance.

. In 1975, nearfield and entrained samples were compared.

* The 1978 and 1979 data were analyzed for spatial patterns of each
abundant taxon at the six sampling stations.

. Abundances of major taxa were compared for the 1976-1979 sampling

years to determine whether local population densities had changed.
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Mann-Whitney U-tests wera conducted on the near-plant and
reference-station pairs -o examine them for differences in
distribution over 1978 and 1979.

For the 1976-1979 period, monthly collections of a selected
taxon at each station and time were graphed to illustrate
trends in the data.

E.3.6. Results

1973 data
-- Table E.3-2 lists the species collected in 1973.

—-— Bay anchovy eggs were by far the dominant component of the
ichthyoplankton.

== No significant differ2nces between stations were found.

1975 data

-- Table E.3-3 presents monthly totals of eggs and larvae
collected in 1975 at all stations and depths.

1976-1979 data

-— Significant differencas (p < 0.053) in catch size for the
dominant species betw2en near-plant and reference stations
in 1978 are summarized in Table E.3-4.

-— Near the plant, bay aachovy was the numerically dominant speciles
of ichthyoplankton collected in 1976-1978, followed by hogchoker
eggs (which were taken almost exclusively at the near-plant
stations, Table E.3-5, Fig. E.3-1) and naked goby larvae (also
significantly more taken at near-plant stations, Fig. E.3-2).

-~ The invertebrate ccmponent of the macroplankton catches was
dominated by sea nettles, ctenophores, polychaetes, mysid
shrimp, and amphipods.

—— In 1977, many ichthyoplankton species had increased greatly
in abundance over their 1976 levels.

~~ In 1978, despite the widespread occurrence of polychaetes
in all areas, near—plant densities were significantly
higher (p < 0.05) than reference-station densities (Fig. E.3-3).

-— In 1978, mysid shrimp and amphipod densities were significantly
higher (p < 0.05) at near-plant stations than at reference
stations (Figs. E.3-4 and E.3-5).

E-13
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—— In 1978, densities of bay anchovy eggs were lower at near-
plant stations than at reference stations (Fig. E.3-6;
Table E.3-6).

—-- Distributions of most of the dominant organisms in 1979 were
similar to those observed in 1978; higher densities of benthic
oriented species (e.g., goby larvae) at the plant site are
believed to result from those species choosing the rip-rap of
the intake channel as their preferred habitat.

E.3.7. Significance and Critique of Findings

Localized concentrations of most of tne dominant taxa of ichthyo-
plankton and invertebrate macroplankton were observed at the plant
site during 1978 and 1979. This phenomenon may have resulted in higher
entrainment than in other years; yvet, since no depletion was observable
in the plant vicinity, entrainment losses may not have seriously affected
nearfield populations.




1utod AYo0Y = d¥
93115 IUBTd = Sd
Teue) ayejul 83115 Jueld = 3Sd
woilog = g sunTd 93IBYDSTg = (
STPPTW = W yoeag 3uoT = 471
N 9JBJING = § yoeag poomusy = g
£
S
B
2
< 762 T s1ayio [1® 38 g-W-S dd ‘sd ‘Dsd
3 a 2e g-§ Sd ‘0sd ‘a ‘a ‘41 ‘4ax 8L6T -
i .
&
]
= 782 ¢ DSd 3e Afuo ¢
£ Sd % 93 3® g-K-S Sd Sd ‘2Sd ‘9 LLGT
=
(swt1dep)
YA £ g-W-S JSd 2Sd ‘49X 0L61
usaye] sardueg so1dueg aledriday syjdaq SUOT3B1g SUOTIBILS 1e3]
Fo xaquny (B30l JO 1squnpy ATY99M ATY3uon

-

pazou axaym jdeoxs 3yJtu 3e pejss

351T0> odam soTdums [TV
1oMOd JBSTOMN SFFITD IASATE) 9yl FO ATTUIDL

[A 8yl ur pardues syidsp pue suorjels Jo Arpuumg

"{T -394 woaiy)
"8L6T-G.6T ‘pUBTAIEN “IUBTd

“T-£79 9198l

[Xp]
—f
'



3]
m 0 A S2AY3YyoT23sO PARTITIUIPTUN
3
m 0 e { xaxoyoboy) msvaﬂUME S2302UTI]
c
m o€ 0 (£qob pasreu) TOSOQ ¥VWOS0TQOD
m T 0 (setTuuaiq payiool~quos) aseprruuaid M
m T 0 (ustradrid ur2y3lION) SNOSNF SNUYJEUDASG
M 12 Z (SOPTSIIATTS) 3epTUTIBULY
Z 0 (USTI1DTTTMS) SNSOWNIIS XOSITQOD
v 0zT (Anoyoue Leq) TTITTYDITW eoyoduy
2enIel YiTm sbba ‘yjtm satoodg
saTdures JO0 Iaqump safdures J0 IxaqunN

‘(1€ 3oy woxy) ¢/61 - Surpdues uolyueidodyiyor Aeg oyeedesey) ur punoj sotdadg °7-¢°'H oTqel



g
5
o
m L00¢z <g LS Tz2'T Pvo
E
s LT T 6 L
z: I T
woz T T
m £T T a1
w 8¢ L 1€
=
=
-]
=
rd 4
826°'T SL VI S6T'T ¥PO

susTtuebro Jo yaqumu Te3l0L

£qob padeN
AuuaTq Iayzesay
SOPTSISATIS
YUSTIZ=TTITNG

Anoyoue Aevg
2enxe]

xaxoysboy
Anoysue Aeg

Sbby

Tejo]l 22 AON 3ID20 deg Dny Inr unfr AW

Idy

FLINOW

IeW] Qo4 uer Sa@TDJ2adg puvr exel

“(0p_"39q woiy) syidep pue

SUOTIBIS [[B SUTULqUWoD ‘g/f] UL PO3DoII0d oeAJR] pue s352 1oF STe303 A[YIUOW °$-¢°J o1qel

E-17




Martin Marietta Environmental Center

Table E.3-4. Summary of the significant differences between near-plant
and reference stations for abundant taxa taken in monthly
collections in 1978, as evaluated by the Mann-Whitney
U-test (0=0.05) (from Ref. 1).

. Difference
Taxa Among Stations

Ichthyoplankton

Bay anchovy eggs
Bay anchovy larvae
Naked goby larvae
Hogchoker eggs

+ 4+ 1+

Macroplankton

Chrysaora quinquecirrha
Mnemiopsis leidyt
Polychaeta

Neomysis americana
Amphipoda

+ + + 1

no significant difference
significant difference
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Table E.3-5. Mean density (in bottom samples) of hogchoker (T'rinectes
maculatus) eggs collected in 1978 in the vicinity of the

Calvert Cliffs Nuclear Power Plant, Maryland (eggs/100 m3).
Eggs were taken from June 14 through September 26, 1978;
monthly and weekly samples were taken in two different but
?oncu?rgnt §tudles (from Ref. 1). See Table A.3-1 for station
identification key.
near- reference
1978 KB LB D FSC PS RP plant stations
combined combined
Jun 14 0 3.5 0 0 2.3 0 2.3 3.5
22 NS NS 6.8 0 0 NS 6.8 NS
28 NS NS 71.8 8.0 22.0 NS 101.8 NS
Jul S NS NS 0.7 1.2 174.3 NS 176.2 NS
10 0 0 69.3 8.8 445.9 0 524.0 0
21 NS NS  443.0 840.6 1312.3 NS 2595.9 NS
29 NS NS 161.4 1097.1 1380.5 NS 2639.0 NS
Aug 3 NS NS 1145.8 1770.6 585.5 NS 3501.9 NS
8 0 0 288.0 365.0 92.7  53.5 745.7 53.5
15 NS NS 19.6 28.0 297.8 NS 345.4 NS
24 NS NS 62,2 10:6.1 235.0 NS 1323.3 NS
Sep 1 NS NS 5.4 3.7 0 NS 9.1 NS
26 0 0 ] o 0 §.2 0 4.2
£ monthly 0 3.5 357.3 373.8 540.9 57.7 1272.0 61.2
I weekly NS NS 1916.7 4775,3 4007.4 N5 10699.4 NS
Total 0 3.5 2274.0 5149.1 4548.3 §7.7 11971.4 61.2
NS = not sampled
near-plant stations = P, PSC, PS
reference stations = KB, LB, RP
E-19
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Mean density (averaged over depth} of bay anchovy (4dnchoa
mitehilli) eggs collected in 1978 in the vicinity of the

Calvert Cliffs Nuclear Power Plant, Maryland (eggs/100 m3).

Eggs were taken from May 23 through September 1, 1978; monthly

and weekly samples were taken in two different but concurrent
studies (from Ref. 1). See Table A.3-1 for station identification.

near- reference
1978 KB LB D pPscC PS RP plant stations
combined combined
May 23 327.1 243.6 4.1 0.9 2.3 209.3 _ 7.3 780.0
11 NS NS 70.0 30.6 0.7 NS 101.3 NS
Jun 8 NS NS 2058.0 4733.6 1471.7 ‘NS 8263.3 NS
14 697.7 384.9 13.6 5.6 136.8 713.4 156.0 1796.0
22 NS NS 2.5 1.9 12.2 NS 16.6 NS
28 NS NS 1.8 1.9 -12.0 NS 15.7 NS
Jul 5 NS NS 24.8 28.6 33.7 NS 87.1 NS
10 367.1 19.2 8.9 9.9 2.2 63.5 21.0 449.8
21 NS NS 0 5.2 0 NS 5.2 NS
29 NS NS 0.5 1.0 229.8 NS 231.3 NS
Aug 3 NS NS 0.8 3.2 0 NS 4.0 NS
8 36.8 4:7 2.4 1.4 5.8 0.4 11.8 41.9
15 NS NS 0 0 9.3 NS 9.3 NS
24 NS NS 1.3 38.2 22.2 NS 61.7 NS
Sep 1 NS NS 0.6 0 0 NS 0.6 NS

I monthly 1428.7 652.4 29.2 19.8 147.1 986.6 196.1 3067.7

I weekly

Total

NS NS 2160.3 4844.2 1791.6 NS 8796.1 NS

1428.7 652.4 2189.5 4864.0 1938.7 986.65 895%52.2 3067.7

NS = not sampled
near-plant stations = D, PSC, PS
reference stations = KB, LB, RP

E-20
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|
5,000
4,000
e—s monthly -
a—a monthly 4+ 3000~
weekly '
2,000

Figure E.3-1.

10 0o /
- T

KB

LB D PSC PS RP
STATION

Total mumber of hogchoker T'rinectes maculatus) eggs in
bottom samples collected at each station in 1978 in the
vicinity of the Calvert Cliffs Nuclear Power Plant,

Maryland (from Ref. 1). See Table E.3-1 for station key.
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Figure E.3-2,

Total number of naked goby (Gobiosoma bosci} larvae
collected at each station in 1978 in the vicinity of
the Calvert Cliffs Nuclear Power Plant, Maryland (from
Ref. 1). See Table E.3-1 for station key.
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¢——e monthly
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KB LB D PSC p RP

Figure E.3-3. Total number of polychaetes collected at each station in all
of 1978, and the total excluding April values, in the vicinity
of the Calvert Cliffs Nuclear Power Plant, Maryland (from
Ref. 1). See Table E.3-1 for station key. '
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o——a near-plant stations
s— —8 reference stations

1,006 —

bl i1

|

[

L 4 1l

i

Number /300 mJ

10—

|

1

A M } ]
1978

Figure E.3-6. Densities of bay anchovy (4nchoa mitehilli) eggs, averaged
over depth, collected at near-plant and reference stations
in 1978 in the vicinity of the Calvert Cliffs Nuclear Power
Plant, Maryland (mumber of eggs/300 m3} (from Ref, 1).
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APPENDIX E.4. - MEROPLANKTON
(L. Lubbers anc J. Mihursky, CBL)
pbjective
To determine whether plant operations have affected ichthyo-

plankton and jellyfish densities and distributions.

Data Sources

Refs. 50, 59, 115-117.

Study History

Seven-year study (1971-78), but frequency of sampling varied among
years. '

Sampling Methods

o Sampling frequency was blweekly to bimonthly depending on season
and year.

) One-meter plankton nets with 505-pm mesh and metered flow were
used. Tows were 10 minutes, surface and bottom, at 7 stations,
inshore and offshore, at Kenwood Beach {stations IA, IB), the
plant site (stations ITA, IIB), Rocky Point (stations IIIA, IIIB),
and a channel station off the plant site (station IIC). Salinity
and temperature were meacured at each statiom.

o The same gear was employed to sample along crossed transects
oriented to a drifting buoy. Ten consecutive 5-min surface
tows were made along each transect.

Analysis
o Annual means were calculated by station.

o Data were plotted.

Results

o Thirteen species of fish larvae and four species of fish eggs
were taken (Table E.4-1).

o Blenny and goby eggs were taken only at station IIA, near the
plant discharge, and only after plant operations began.

E-27
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A strong seasonal cycle in abundance was evident; most ichthyo-—
plankton were taken in summer.

Anchovy eggs {Table E.4-2) and larvae (Table E.4-3) were dominant
in the catches.

The channel station (IIC) tended to have the lowest ichthyo-
plankton densities, as did the inshore (A) stations (Fig. E.4-1).

Vertical distributions of anchovies were homogeneous; silversides
and blennies were concentrated near the surface; and gobies and
croakers were concentrated near the bottom.

At night, patches of anchovy and silverside larvae were on the
order of 1.5 to 5 km in diameter.

Based on average densities, no recirculation, and constant plant
operations, egg entraimment would be 1.66 x 1019 eggs/yr and
larval entrainment would be 3.13 x 108 larvae/yr.

Significance and Critique of Findings

The report reviewed here covered only a portion of the study
period; as a result, the reported findings are incomplete.

Ichthyoplankton populations at Calvert Cliffs are dominated by
bay anchovy.

No plant effects are evident in graphical presentations of these
data. However, the gear study presented 1n Appendix E.% sug-
gests that the data on hogchoker and naked goby discussed here
may not be representative of actual densities; thus, conclusions
about plant effects on those specles are suspect.

Estimates of total entraimment do not take into account circu-
lation patterns; as a result, they represent overestimates.
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Table E.4-1. A list of ichthyoplankton species taken from 13 June 1574

through 28 June 1975 (from Ref. 50).

Larvae:

Bay anchovy

Goby

Silverside
Silverside
Striped blenny
Atlantic croaker
Skilletfish
Northern pipefish
Atlantic menhadden
American eel
Winter Flounder
Spot

Hogchoker

Scisenidae spp.

Eggs:

Bay anchovy
Hogchoker
Goby

Blenny

E-29

Anchoa mitchilli

Gobiosoma spp. (probably bosci:)

Membras martinica

Menidia menidia

Chasmodes bosquinanus

Micropogon undulatus

Cobiesox strumosa

Syngnathus fuscus

Brevortia tyrannus

Anguilla rostrata

Pseudopleuronectes americanus

Leiostomus xanthurus

Trinectes maculatus

Anchoa mitechilli

Trinectes maculatus

Gobiosoma bosci

Chasmodes bosguinanus
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APPENDIX E.5. - ERDA ICHTHYOPLANKTON DATA ANALYSIS
{¥MMC)
E.53.1. Objective
To assess the effects of plant operations in ichthyoplankton

densities.

E.53.2. Data Sources

Refs. 50, 59, 115-117.

E.5.3. Study History

Data were collected from 1971 to 1978, but frequency of sampling
varied among years.

E.5.4. Sampling Methods

Sampling procedures arz described in detail in Appendix E.4.
Seven stations were sampled: inshore (A stations) and offshore
(B stations) at Kenwocod Beach (1A and 1B), the plant site (2A and
2B), and Rocky Point (3A and 3B), and one station in the main
channel of the Bay (station 2C).

E.5.5. Analysis

. Only the four dominant ichthyoplankton groups were considered:
bay anchovy eggs and larvae, hogchoker eggs, and naked goby
larvae.

. Data were partitioned iInto preoperatiomal (January 1971

through April 1975) and operational (May 1975 through April
1978) sets. Surface and bottom samples were treated separ-
ately.

. A nonparametric Friedman ANOVA was run on each data set,
using only data from dates when the given ichthyoplankton
group was taken from at least one of the seven stations.
Highest density was given the lowest rank.

* In addition to the ANOVAs, frequency of occurrence of the
given ichthyoplankton group at each station during preopera-
tional and operational periods was determined. Differences
in frequency of occurrence among stations were tested using
a Chi-square test.
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E.5.6. Results

Results of Friedman ANOVAs run on bay anchovy egg and larval
data are presented in Table E.5-1. No significant differ-
ences between stations were found during the preoperational
period in densities of eggs and larvae, at surface or bottom.
No significant differences in larval density occurred during
the operational period, but significant differences did
appear in egg density during that period at surface and
bottom, and the channel station showed highest densities.

Analyses of hogchoker egg data show significant differences
between stations only in bottom samples taken during the
preoperational period. Rocky Point and the channel station
had highest densities (Table E.5-2).

Analyses of naked goby larvae show a significant difference
among operational-period, surface samples. The inshore plant-
site station showed highest densities (Table E.5-3).

Analyses of frequency of occurrence of all groups at all
stations (Tables E.5-4 through E.5-7) showed a significant
difference among stations only in the case of surface,
operational-period data for naked goby larvae {Table E.5-7).

In that case, frequency of occurrence at the inshore, plant-
site station was high relative to occurrence at other stations.

E.5.7. Significance and Critique of Findings

Changes in the distribution of naked goby larvae, which ap-
peared during the period of plant operation, occurred only at
the surface. This change could be related to the high velocity
plant discharge, which would transport these normally demersal
larvae to the surface. This distributional change does not
appear to be detrimental since mortalities would not increase
directly from the transport.

The change in distribution of bay anchovy eggs could possibly be

plant-related. The nonsignificant preoperational tendency for
anchovy eggs to have highest densities at the channel station
(2€) and Rocky Point (3B) is accentuated in the operational

period, so that the differences among stations become significant.

Since the rank of the inshore plant-site station (2A) relative
to the other stations did not change between preoperational
and operational periods, the change in egg distribution among
stations would not appear to be a plant—related effect.

Overall, no effects attributable to the power plant were
detectable in distributions of the major ichthyoplankton
groups (i.e., depletions at the plant site were not evi-
dent).
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Mean ranks of stations, according to bay anchovy egg and larval
density, during preoperational and operational periods; results
of Friedman nonparametric analysis of variance are also pre-
sented (low rank indicates high values).

Stations
Time period 1A A JA 1B 2B 3B 2C
Eggs - Surface
Preoperational 4.4 £, 4 3.7 4.1 3.7 3.9 3.5
N = 16,x§6 = 2.70, p > 0.05
Operational 5.1 4,8 4.4 4.0 4,1 3.3 2.2
2 _
N = 24, Xr6 = 30.5, p < 0.01
Eggs - Bottom
Preoperational 4.6 4.8 3.6 4.1 4.0 3.5 3.3
- z .
N = 23, Xrg = 10.7, p > 0.05
Operational 5.2 5.3 4.2 4.0 3.9 3.0 2.5
N =26, x> =36.02, p < 0.01
T6
Larvae - Surface
Preoperational 3.6 3.4 4.5 4.1 4.3 3.9 4.2
N =19, X12~6 = 3.5, p > 0.05
Operational 3.1 3.4 4.2 4.1 4.7 4.4 4.2
= 2 _
M = 18, Xrg 7.52, p > 0.05
Larvae - Bottom
Preoperational 4,2 4.2 3.5 4.4 4.1 4.0 3.5
2 _
N = 32, Xr6 = 4.98, p > 0.05
Operational 4.1 3.8 3.2 4.3 4.1 3.8 4.5
M =27, X = 6.66, p > 0.05
6
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Table E.5-2. Mean ranks of stations, according to hogchoker egg density,
during preoperational and operational periods; results of
Friedman nonparametric analysis of variance are also pre-
sented (low rank indicates high value).

Stations
Time period 1A 2A 3A 1B 2B 3B 2C
Surface
Preoperational 4,2 4.1 3.2 4.2 4.1 3.8 4.3
N=09, x> =1.63, p> 0.05
Te
Operational 4.1 2.9 3.2 4.7 4.2 4.4 4.4

N = 14, Xi6 - .01, p > 0.05

Bottom
Preoperational ‘ 4.8 4.7 3.2 4.6 4.3 3.7 3.0
N =15, x> = 15.93, p < 0.05
6
Operational 4.3 4.2 3.3 4.9 4.1 3.8 3.0
N = 2

= 22, X, 2.60, p > 0.05
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Mean ranks of stations, according to naked goby larval density,

during precperational and operational periods; results of

Friedman nonparametric analysis of variance are also presented

(low rank indicates high value).

Stations
Time period 1A 2A JA 1B 2B 3B 2C
Surface
Preoperational 4.4 .0 4.2 3.8 4.5 3.7 4.4
- 13, x> = 4.53, p > 0.05
T6
Operational 4.0 .0 4.6 4.8 4.4 3.8 4.5
=14, y° = 16.71, p < 0.05
s
Bottom
Preoperational 4.4 .3 3.6 3.7 4.0 3.9 4.5
=24, x> = 3.29, p > 0.05
6
Operational 4.2 .6 2.9 4.5 4.3 4.0 4.5

= 25, Xiﬁ = 10.17, p > 0.05
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APPENDIX E.6. — 1976 TROIKA ICHTHYOPLANKTON STUDY
(K.V. Wood, et al., CBL)
Objective
To determine the effect of plant operations on ichthyoplankton

densities.

Data Sources

Refs. 57, 58.

Study History

First year (1976) of a 2-year study. (See Appendix E.8 for
follow—up study.)

Sampling Methods

. Sampling was done biweekly in July and August 1976, using
two simultaneous troika tows, each consisting of three 1/2-m,
505-pm-mesh nets.

o Sampling was done every five hours over a 24-hour period.

. Oblique tows were made at Long Beach (LB, approximately 9-m
depth), Rocky Point (RP, approximately 12-m depth), and in
the intake channel (IC); a tow at 12-m depth was made at the
curtain wall (CW).

e All organisms captured were identified to the species level and
enumerated. Densities were calculated based on volume filtered.

Analysis

ANOVAs and Student—-Newman-Keuls tests were run on untransformed
data.

Results

e Mean densities of bay anchovy eggs, bay anchovy larvae, hog-
choker eggs, and naked goby larvae, by station, date, and
time, are presented in Figs. E.6-1 through E.6-4.

e Maximum egg and larval densities for dominant species (bay
anchovy and hogchoker eggs; bay anchovy and naked goby larvae)
all occurred in late July.
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Mean densities of anchovy eggs were from 6 to 27 times higher ‘
at the reference stations than at the intake channel station.

These differences were most pronounced during hours of dark-

ness (2100 to 0500 hours). The highest observed density was

25,000/1,000 m3 at reference station LB. Mean densities of

hogchoker eggs were from 3 to 17 times higher at the plant-

glte stations (CW and IC} than at the reference stations (RP

and LB). The highest observed density was 6,400/1,000 m3 at

station IC. 1In general, egg densities were higher at night

at both reference and plant—-site stations.

Mean densities of anchovy larvae were higher at night at all
stations throughout the study period. Diel demsity variations
were not pronounced for naked goby larvae.

Statistical analyses ind:cated that bay anchovy eggs occurred
in significantly lower densities at the plant-site stations in
40% of the July samples f:hat had significant station-to~station '
differences. However, for bay anchovy larvae, there were no
significant differences hetween catches at the plant~site
stations and catches at the reference stations. Statistical
analyses indicated that hogchoker egg densities were signifi-
cantly higher at the plant-site stations for 447 of the July
and August samples. Statistical analyses of naked goby larval
catches indicated that significantly higher densitiles occurred
at the power plant station IC for 45% of the July samples, but
were higher at station CW for only 18% of these samples.

A special study of the effect of tow length on density esti-
mates indicated that short-distance tows provide a good index

of maximum and minimum egg densities of dominant species in a
sampling area. Longer tows provide a good index of mean den-
gities in a region due to integration of ichthyoplankton patches
over the sampling area. In general, larval density estimates
were less sensitive to tow length than egg density estimates.

Significance and Critique of Findings

The low density of bay arnchovy eggs at the plant site suggested
that depletion might be related to plant operations; however,

the following year's stué¢y (see Appendix E.8) suggested that
anchovies spawned Iin deeper waters (such as those at the reference
stations) rather than in the shallower waters present at inshore
plant-site stations. The limited number of sampling stations
employed in most of the ichthyoplankton studies complicates inter-
pretation of the findings.

Higher abundances of naked goby larvae and hogchoker eggs at
gtation IC suggest that the intake channel is a preferred
spawning habitat for these species.
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The failure to transform data prior to analysis makes statis-
tical results questionable.

Oblique sampling may underestimate hogchoker eggs and naked
goby larvae (see Appendix E.9).
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Figure E.6-1.

TIAE, hey,

Mean densities of bay anchovy eggs collected in July and
August 1976. Vertical bars represent one standard devia-
tion of the mean. Stations are indicated in the key. Den-
sities are the mean of each troika tow (six samples) (from
Ref. 58).
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Figure E.6-2. Mean densities of bay anchovy larvae collected in July and
August 1976. Vertical bars represent one standard deviation
of the mean. Stations are indicated in the key. Densities
are the mean of each troika tow (six sanples) (from Ref. 58).
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are the mean of each troika tow (six samples) (from Ref. 58).
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APPENDIX E.7. - 1976 TROIKA ICHTHYOPLANKTON DATA ANALYSIS
(MMC)
E.7.1. Objective
To determine whether plant operations affect densities of fish

eggs and larvae.

E.7.2. Data Sources

Refs. 57, 58.

E.7.3. Study History

First year (1976) of a two-year study.

E.7.4. Sampling Methods

v Six simultaneous tows were made with 0.5-m nets (505-4m mesh)
at 4 locations——oblique tows at Long Beach, Rocky Point, and the
plant's intake channel; discrete tows at the 10-m depth in the
intake channel (curtain wall).

¢ Sets of samples were taken at least 5 times during each of
four 24-hour periods during July and August 1976 (see Ref. 58
for additional details).

E.7.5. Analysis

¢ Null hypothesis - ichthyoplankton densities were similar at all
locations.

¢ Densities expressed as number per 1,000 m3 of water were log
transformed to normalize the distributions and stabilize the
within-station time wvariances.

. A hierarchical ANOVA, testing for differences among stations
within time periods, was applied to the transformed data set.

e When ANOVAs revealed significant differences, location means
were contrasted using Scheffe's method (Ref. 124).

. Minimum detectable differences hetween location means were
calculated using a power—-of-the-test procedure (Ref. 124).
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Results

The ichthyoplankton community was dominated by four groups: bay
anchovy eggs and larvae, hogchoker eggs, and naked goby larvae.

For bay anchovy egg data, significant differences between
stations were found on two of three dates when sufficient egg
data were available for analysis (Table E.7-1). For July 7-8,
plant-site values are significantly lower than reference-station
values (Table E.7-2). For the other dates, the Scheffe method
does not show where the difference occurs, but plant-site den-
sities are much lower than reference values.

For hogchoker egg data, a significant location effect occurred
on the first 2 sampling dates (Table E.7-3). Plant-site
densities were higher than reference values, and discrete-
depth, intake-channel values were higher than oblique intake-
channel values (Table E.7-4). However, contrasts between loca-
tion means show that these differences were only significant on
July 7-8; large error variances probably account for the absence
of other significant contrasts.

For bay anchovy larval data, no significant station effects were
observed (Table E.7-5).

For naked goby larval data, a significant station effect was
found on 3 of 4 sampling dates (Table E.7-6). The only con-
sistent pattern in densities is that Long Beach values are
lowest; however, contrasts of location means show no consis-
tency in significant location differences {Table E.7-7).

A tabular summary of results of analyses (Table E.7-8) shows
that conflicting patterns of high and low abundance occur for
the different ichthyoplankton groups.

Minimum detectable differences between location means were
calculated for each data set (Table E.7-9). The most notable
result is that for bay anchovy larvae the minimum detectable
dif ferences on 2 of 4 dates are more than twice the magnitude
of the highest mean density recorded.

During all surveys, time effects were significant for all groups
except naked goby larvae, which exhibited no significant time
effects.

Significance and Critique of Findings

For bay anchovy eggs, the absence of significant differences
between densities from discrete-depth and oblique tows suggests
that eggs were homogeneously distributed in the water column.
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e TFor bay anchovy eggs, the lower values observed at plant-site
stations could be interpreted as evidence of depletion of eggs,
due either to entralnment loss or to less spawning in the plant
vicinity, as suggested by Lubbers and Mihursky in 1976 (Ref. 50).

e TFor hogchoker eggs, higher values at the plant site may be
related to the greater depth of the water column in the intake
channel. Hogchoker spawn near the bottom, and intake flow of
deep water along the intake channel may cause egg densities
to be higher there than at reference locations.

e TFor bay anchovy larvae, the absence of significant differences
between locations is, in part, a function of the large variance
among samples (i.e., data are insufficient to detect differences
that may exist).

] The higher densities of naked goby larvae at the plant site
and Rocky Point may reflect the presence of preferred spawning
habitat at those locations (i.e., rip~rap or rock bottom).

I e Data may indicate a possible plant effect on bay anchovy eggs,
i.e., values in the plant vicinity are lower. The significance

I of the depletion cannot be evaluated without knowledge of its
extent. Continued higher densities of juvenile and adult popula-
tions (see Appendices E.13 and E.14) suggest that the depletions
have not caused decreases 1n the stock inhabiting the Calvert

l Cliffs area.

. Higher densities of hogchoker eggs and naked goby larvae occur—
ring in plant-site samples suggest that the area is a preferred
spawning site. Man-made envirommental modifications (i.e.,
dredged canal plus rock rip-rap) may have created new habitat,
so that plant-related losses may be balanced by enhanced
spawning levels.
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